Abstract -Based on the comparative morphophysiological analysis of the seedlings Koelreuteria paniculata Laxm. produced in a generative manner by using one line of the oldest half-sib tree and two lines of younger half-sib trees, data regarding the seedlings' features and the variability of the plant breeding are presented. Recorded parameters are the indexes which point to the influence of age over biological reproduction. This paper also puts forward that the variability of the seedlings exerts an influence on the selection of mother trees, and provides the technology of production of breeding plants with desired features and its practical usage in landscape architecture, horticulture and forestry. Namely, by selecting the superior genotypes and with their breeding, different sorts of koelreuteria (Chinatree) could be synthesized and thanks to the high level of general adaptability would provide reciprocally high productivity of studied parameters and be the base material for plants for specific purposes.
INTRODUCTION
Among the numerous plant life forms, trees are the most useful and they are irreplaceable in city green spaces. The analysis of the Belgrade dendrological collection shows that a substantial number of trees and shrubs are of exotic origin (Pančić 1892; Jovanović 1956; Grbić 2004; Ocokoljić 2006 , Ocokoljić et al., 2009 . Belgrade greenery (Jovanović 2000) consists of 700 woody species (77% of broadleaf species/autochthonous species 33%: allochthonous species 67%/ and 23% of coniferous species /autochthonous species 48%: allochthonous species 52%), including also the species Koelreuteria paniculata Laxm. The cultivation of Koelreuteria and other allochthonous species has not only enriched the stock of tree species, but has also enabled selection experiments over the decades, because only the species which were able to adapt to the specific ecological conditions in Belgrade could survive.
In the inner Belgrade zone, there is one Koelreuteria tree and another 66 Monuments of Nature -tree and shrub representatives protected during the period 1949 -2001 (Karas et al., 2003 . These old, protected specimens are a valuable material which can also be of practical benefit. For this reason, the long-living protected trees should be conserved and their genotype should be multiplied. The selected individuals can serve as the base for the generation of better seeds and planting material for horticultural purposes by further selection and by applying synthetic methods of plant breeding, because their superiority has been confirmed by their longevity.
MATERIALS AND METHODS
To assess the effect of age on Koelreuteria reproductive capacity, we selected three trees based on an in-depth study: scientific papers, maps, environmental conditions, development rate and success, degree of seed-bed functionality and ornamental value in green spaces. In addition to the above characteristics, a very important parameter for tree selection was the longevity. For this reason, one old, protected tree and two younger trees were selected from the existing and preliminarily investigated individuals.
The seeds were collected in the stage of full (technical) maturity, during two successive growing seasons, and after a short drying, they were kept till the following spring. In the following years, after previous soil preparation, seeding was performed in April, in nursery seedbeds, in a Belgrade suburb. The seedbeds were formed by randomized block design of half-sib families in each replication, and divided into four identical blocks. Intensive tending was applied during the cultivation.
To assess the species potential and the effect of age on reproduction capacity, we performed a comparative analysis of survival percentage and growth elements, and the specific phenotype characteristics of the progeny were identified.
The survival degree of seedlings in seedbeds was determined by counting the seedlings 30 days after sowing and at the end of the growing season. This was compared to the number of sown seeds for two successive years. The growth elements, i.e. the variability of seedling height and root collar diameter were measured 30 days after sowing, in the middle and at the end of the vegetation period.
The depth of root penetration was measured on 25 seedlings in one replication and half-sib line (25 seedlings x 4 replications x 21 half-sib lines = 2100 seedlings). After that, the seedlings were desiccated in an oven at a temperature of 60ºC. The desiccation lasted until the same specimen mass (about 36 hours) was measured two times successively. After desiccation, the specimens were kept under room conditions for 2 h, after which the above-ground parts and the roots of all the seedlings were measured to the nearest 0.01 g.
All biometrical analyses were performed on sufficiently large samples. Root collar diameter measurement was performed using a micrometer to the nearest 0.1 mm; and plant height was measured using a ruler, from the root collar to the tip of the terminal bud, to the nearest 1 mm. The data were statistically computed by an Excel program, including the arithmetical mean ( x ), standard deviation (S), coefficient of variation (V), and errors (S x , S S , S V ). The analysis of variance of the study parameters was computed by the statistical program Statistica 5.0.
RESULTS AND DISCUSSION
Based on the data analysis of the total number of sown plants, per tree, thirty days after sowing, the survival percentage in the first study year was 39.05% and 11.99%, respectively, for the younger trees and 1.35% for the oldest tree. In the second study year, under the same monitoring term, survival percentage amounted to 74.28% and 67.71%, respectively, for the younger trees and 66% for the old tree. The comparative analysis of survival percentage after 30 days in two study years showed high differences in survival percentage per study years. Namely, the survival percentage of the oldest Koelreuteria tree in Belgrade in the first year was 1.35% and in the second year it was 66%, which was a 10 % higher value than the average Koelreuteria survival degree at the level of the species in both study years. The differences between the survival percentages calculated by the analysis of variance confirm the highest levels of significance of differences between the trees, a high level between the study years, and no significant differences between the replications in both monitoring terms (Table 1) . At the end of both vegetation periods the survival percentage was almost identical to the percentage determined 30 days after sowing, which was also confirmed by the statistical analysis, so the minimal differences can be neglected.
The analysis of 30-day-old seedlings in the first year showed an average height of 3.88 cm at the level of the species. Koelreuteria tree 2 attained the lowest average height (3.66 cm) at the individual level, and Koelreuteria tree 1 attained the maximal height (4.28 cm). The average height at the level of the species of 60-day-old seedlings was 13.39 cm. The lowest average height at the individual level was attained by Koelreuteria tree 2 (10.14 cm), and the maximal height by Koelreuteria tree 1 (19.33 cm). The average height of one-year-old seedlings at the level of the species was 27.86 cm. The minimal average height was attained by Koelreuteria tree 2, and the maximal average height by Koelreuteria tree 1 (38.24 cm). The variable value of the coefficients of variation showed the high variability of seedling height within the same family (Table 2) , and the highest coefficient of variation was calculated for Koelreuteria tree 3, amounting to 56.41 for one-year-old seedlings.
In the second study year, the analysis of 30-dayold seedling height at the level of the species showed an average value of 6.97 cm. The lowest average height at the individual level was reached by Koelreuteria 1 (5.84 cm), and the maximal average seedling height was reached by Koelreuteria 3 (8.80 cm). The analysis of 60-day-old seedling height at the level of the species showed an average height of 15.52 cm. The lowest average height at the individual level was attained by Koelreuteria tree 1 (10.87 cm), and the maximal average seedling height -by Koelreuteria tree 3 (21.13 cm). Oneyear-old seedlings, at the level of the species, reached an average height of 30.03 cm. The minimal average height was attained by Koelreuteria tree 1 (11.04 cm), and the maximal average height was reached by Koelreuteria tree 3 (44.18 cm). The comparative analysis of seedling heights in the two study years showed that seedling heights were greater in the second year, at the level of the species, by 2.17 cm. At the individual level, the maximal average height in the first study year was reached by the younger Koelreuteria tree 1, and in the second year, the maximal seedling height was reached by the old Koelreuteria tree 3. The statistical differences in seedling heights between the old tree and the younger trees confirm the hypothesis that the differences in seedling heights were of genetic nature, i.e. that the age of the parent tree did not affect the seedling height, which confirms the good constitution of the old trees. This hypothesis is also confirmed by the results of the analysis of variance of seedling heights at the age of 30 days, 60 days, and one year, in both study years (Table 3) . The average root collar diameter of 30-day-old seedlings in the first year was 1.79 mm at the level of the species. At the individual level, the highest average value was recorded for Koelreuteria tree 1 (1.36 mm), which also showed the lowest value (1.32 mm). The values of standard deviation point to a substantially lower deviation of the root collar diameter from the average value compared to the values of seedling height ( Table 2 ). The mean value of root collar diameter of 60-day-old seedlings at the level of the species was 3.35 mm. The lowest average root collar diameter, at the individual level, was attained by Koelreuteria tree 3 (2.84 mm), and the maximal by Koelreuteria tree 1 (3.85 mm). The mean value of root collar diameter of one-year-old seedlings at the level of the species was 6.88 mm. The lowest average root collar diameter, at the individual level, was reached by Koelreuteria tree 1 (6.04 mm), and the maximal -by Koelreuteria 3 (8.06 mm).
In the second study year, the average root collar diameter of 30-day-old seedlings, at the level of the species, was 2.69 mm. At the individual level, the maximal average value was attained by Koelreuteria tree 3 (2.86 mm), and the lowest by Koelreuteria tree 1 (2.43 mm).The mean value of 60-day-old seedlings was 4.12 mm. The lowest average root collar diameter, at the individual level, was found in Koelreuteria tree 1 (3.52 mm), and the maximal in Koelreuteria tree 3 (4.77 mm). The mean value of root collar diameter of one-year-old seedlings, at the level of the species, was 5.91 mm. The lowest average root collar diameter, at the individual level, was reached by Koelreuteria tree 1 (5.00 mm), and the maximal -by Koelreuteria tree 3 (6.42 mm).
The analysis of root collar diameters of oneyear-old seedlings in the two study years showed that root collar diameters were larger by 0.97 mm in the first year, at the level of the species. The largest root collar diameter in the first year was reached by the old Koelreuteria tree 3, and in the second year, by the seedlings of the younger Koelreuteria tree 2.
As the height and diameter growth is genetically determined, it can be concluded that there is variability in the genetic predispositions of the analyzed trees. This hypothesis is confirmed by the results of the analysis of variance in both study years (Tables 3 and 4 ). The statistical differences in growth elements between the old and the younger trees show that they were not affected by the age of parent trees, i.e. this confirms the hypothesis that the differences were primarily caused by genetic agents.
The depth of root penetration and the shoot and root masses of one-year-old seedlings were analyzed at the end of the first and the second years. In the first year, the average value of root length of one-year-old seedlings, i.e. the depth of root penetration, at the level of the species was 24.30 cm. The lowest average root length at the individual level was measured for Koelreuteria tree 2 (23.79 cm), and the maximal root length was attained by Koelreuteria tree 1 (24.84 cm). The variable value of the coefficients of variation points to the high variability of seedling root length within the same family ( Table 2 ). The average value of root length of oneyear-old seedlings in the second year at the level of the species amounted to 29.33 cm. Koelreuteria tree 1 had the lowest average root length at the individual level (17.51 cm), and Koelreuteria tree 2 had the maximal root length (35.68 cm) as well as the highest degree of variability, V = 107.40 (Table 2) . The comparative analysis of root length of oneyear-old seedlings in the first and the second years showed that, at the level of the species, root length in the second year was longer by 5.03 cm.
In the first year, the average value of shoot mass of one-year-old seedlings, at the level of the species, amounted to 2.75 g. Koelreuteria tree 2 had the lowest average above-ground mass at the individual level (2.11 g), and Koelreuteria tree 3 had the maximal average shoot mass (3.39 g). The value of the coefficients of variation points to a high variability of dry shoot mass ( Table 2 ). The average value of dry shoot mass of one-year-old seedlings in the second year, at the level of the species, was 3.10 g. The lowest above-ground seedling mass was reached by Koelreuteria tree 1 (0.83 g), and the maximal -by Koelreuteria 3 (5.44 g). The comparative analysis of above-ground mass of one-year-old seedlings in the two study years showed that the mass in the second year was greater by 0.35 g. The maximal aboveground mass in both study years was measured in the old tree. The statistical differences in aboveground seedling masses between the old and the younger trees showed that the differences in seedling masses were of a genetic nature.
The average value of root mass of one-year-old seedlings at the level of the species in the first year was 5.97 g. The lowest average root mass, at the individual level, was reached by Koelreuteria tree 1 (4.98 g), and the maximal by Koelreuteria tree 2 (6.60 g). The value of the coefficients of variation points to a very high variability of dry root mass (Table 2 ). The average value of dry root mass of one-year-old seedlings in the second year, at the level of the species, was 6.53 g. The lowest root mass was measured for Koelreuteria tree 1 (2.04 g), and the highest for Koelreuteria tree 3 (9.52 g). The comparison of seedling shoot and root masses showed that the maximal average values for both parameters were found for the same tree. The comparative analysis of root mass of one-year-old seedlings in the two study years showed that the mass in the second year was greater by 0.56 g. Just as in the case of the analysis of seedling aboveground mass, the analysis of root mass also showed the differences in mass production by study years. The average value of total mass of one-year-old seedlings, at the level of the species in the first year, was 8.12 g. The lowest total seedling mass, at the individual level, was shown by Koelreuteria tree 1 (7.74 g), and the maximal by Koelreuteria tree 3 (9.73 g). In the second year, the average value of total mass of one-year-old seedlings at the level of the species was 9.63 g. The lowest total seedling mass, at the individual level, was shown by Koelreuteria tree 1 (2.88 g), and the maximal by Koelreuteria tree 3 (14.96 g).
The comparative analysis of total mass of one-year-old seedlings over the study years showed that in the second year the mass was greater by 1.51 g. At the individual level, Koelreuteria 2 showed the lowest difference in total seedling mass in the study years (2.36 g), and Koelreuteria 1 showed the highest difference in total seedling mass (4.86 g).
The results of the analysis of variance of root length, shoot and root masses of one-yearold seedlings are presented in Table 5 . The highest significance levels of the differences were confirmed between the trees within the species for all three parameters, in both study years. There were no significant differences between the replications, which confirms the hypothesis that the differences in root length, shoot and root masses of one-year-old seedlings were the results of the genetic constitution of the analysed trees. 
CONCLUSION
The experiments on generative progeny in two successive years, in which the old and protected Koelreuteria tree was tested and correlated with the younger trees, confirmed the following:
-the effect of positive natural selection (longevity at the site with a high concentration of air pollution) on the produced progeny; -the differences in seedling survival percentage between the old and the younger trees, and also between the study years. (Survival percentage served as an indicator of tree quality and vitality, so the trees with higher survival degrees can be selected);
-the minimal differences in the adaptation of seedlings produced from the seeds of the old tree and the younger trees. (In the first study year the old tree, Koelreuteria 3, showed the largest root collar diameters, and in the second year, it had the maximal average seedling heights and root collar diameters. The statistical differences in the analyzed growth parameters between the old tree and the younger trees, in both study years, confirmed that they were mainly not affected by the parent tree age); -the differences in seedling biomass production from the seeds of the old tree and the younger trees (in the first study year, the old tree, Koelreuteria 3 showed the highest average values for seedling above-ground mass and in the second year for total seedling mass), and -the justification of seed collection and seedling production from the seeds of the old, protected Koelreuteria tree.
